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(54) Load measuring device 

(57) A ring-shaped device 1 for interposing between two bodies, to measure the force tending to urge 
them together or pull them apart in a direction coaxial with the ring. Both axial ends 2a,3a of the ring are 
robust and resist distortion, but between its ends the ring is of convoluted section that when the ring 
distorts axially under the applied load, hoop stresses are set up in the convoluted part. These stresses are 
detected by strain gauges 25 located at intervals around the circumference of that part of the ring. The 
ring may be contained within a protective cylindrical casing 8, so designed as to transmit the full 
magnitude of the applied load to the ring 1 inside. To improve linearity of the correlation between the 
applied load and the response of the strain gauges, a stiffening ring may be attached coaxially to the ring 
1 , this sleeve may have robust axial ends, and a thinner cylindrical centre part registering with the 
convoluted pari of she ring (Fig. 5) j^ ffS 
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SPECIFICATION 

Improvements In or relating to load mea- 
suring devices 

5 

This Invention relates to ring-shaped load-mea- 
suring devices, for use for example in measur- 
ing the loads set up in engineering equipment 
such as rolling mills and draw-benches. A ring 

10 for such purposes is normally mounted as an 
element between the rolls or drawing jaws 
and the housing of the apparatus, with the 
ring axis coincident with the axis of the load 
which is to be measured. The ring is elasti- 

15 cally distorted by the load, strain gauges 
bonded to the body of the ring respond to 
that deformation, and the response of the 
gauges is processed to give a signal indicative 
of load. 

20 A well-tried ring-shaped load cell, frequently 
encountered in the laboratory or industrial 
apparatus, comprises a hollow torus, mounted 
coaxially with the load so that application of 
the latter causes the cross-section of the to- 

25 rus to change from circular to approximately 
elliptical, with the minor axis of that ellipse 
parallel to the common axis of the cell and of 
the load. Another ring-shaped cell, the subject 
of published U.K. Patent Application GB 

30 2 147426 A, comprises a ring the shape of 
which, when viewed in radial section, is a 
solid body symmetrical about its length and 
arranged with that length inclined to the com- 
mon axis of load and ring. One axial end of 

35 the ring is therefore smaller in radius than the 
other, and an applied compressive load tends 
to distort the ring by putting the end of smal- 
ler radius into hoop compression, and the op- 
posite end of larger radius into hoop tension. 

40 Useful results have been obtained from rings 
of both the types just described, and the clear 
separation in the second ring of the regions of 
hoop tension and hoop compression has been 
recognised as a potential advantage. Both 

45 rings suffer however from the disadvantage 
that when they are compressed between con- 
verging bodies bearing against opposite axial 
extremities, distortion of the body of the ring 
is necessarily accompanied by a progressive if 

50 slight change in the area of contact between 
each extremity and its respective body or by 
some rolling and/or skidding action between 
them. The friction effects resulting from such 
rolling and/or skidding have been found to 

55 lead to some inaccuracy and inconsistency in 
the signals produced by such rings. Alterna- 
tively, non-uniformity of properties leads to 
non-uniformity of distortion and, again, to in- 
consistency in the signals. 

60 The present invention is a ring of different 
shape, designed with the object of diminishing 
the inaccuracies just referred to, but sharing 
with the second of those rings the advantage 
of presenting a clearly defined region where 

65 hoop stress is set up when the ring is sub- 



jected to an axial load. The Invention is a ring- 
shaped load-measuring device in which the 
opposite axial extremities of a ring-shaped ele- 
ment are similar to radius and geometry and 

70 are adapted to resist distortion when the ele- 
ment is subjected to compression or tension 
in an axial direction, and in which the part of 
the element lying between the axial extremities 
is of generally sinuous shape when viewed in 

75 radial section, this sinuous shape having equal 
radii adjacent to the two extremities and a 
limiting — that is to say maximum or minimum 
== radius at an axially-intermediate point, and 
in which strain gauges responsive to changes 

80 in hoop stress are mounted around the ele- 
ment at the limiting radius. 

The sinuous shape may be such that the 
limiting radius Is the maximum radius of the 
element. 

85 The axial extremities of the element may be 
accurately flat and parallel in radial planes lying 
normal to the axis of the device, to bear 
against other converging flat parallel faces 
when the element is put under an axial load. 
90 Those other faces may be provided by a 

cylindrical casing for the element, comprising a 
side wall and opposite end walls. There may 
be a facility for relative axial movement be- 
tween the side wall and at least one of the 
95 end walls of such a casing, so that the casing 
yields readily in response to an applied axial 
load, whereby substantially the entire load is 
transmitted to the element and distorts it. 
The axial extremities of the element may be 

100 internally threaded to receive threaded mem- 
bers, for instance rods or tubes, extending 
away from the element in opposite axial direc- 
tions: the element can then be put under axial 
load by hauling those members apart or urging 

105 them together axially. If a casing with annular 
end walls is present, by internally threading it 
so that it engages with the same members 
they can serve also to locate element and 
casing concentrically. 

110 Where the member is of tube-like or other 
hollow shape, the complete device may thus 
have a continuous axial hole through it. 

Primary strain gauges to measure hoop 
strain are preferably located at equal intervals 

115 of arc around the circumference of the ele- 
ment at the limiting radius. An array of secon- 
dary strain gauges, the output of which may 
be used to compensate for secondary distor- 
tions of the element other than those which 

120 are caused by applied load and which the de- 
vice is intended to measure, can be located 
around the circumference of the element in a 
pattern similar to that of the primary gauges, 
but at circumferentially-intermediate locations. 

125 The secondary gauges may respond to distor- 
tion of the surface of the element in directions 
generally parallel to its axis. 

A ring-shaped stiffening sleeve, in coaxial 
engagement with the element, may modify the 

130 distortion of the element and thus the re- 
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sponse of the strain gauges and so, in appro- 
priate cases, improve the linearity of the cor- 
relation between applied load and response. 
The sleeve and element may be threaded to- 
5 gether, or there may be an interference fit 
between them. The sleeve may be of varying 
thickness along its axial length, being of rela- 
tively large thickness at both of its opposite 
axial ends but thinner at mid-length. 
10 The invention will now be described by way 
of example, with reference to the accompany- 
ing drawings, in which: 

Figure 1 is a perspective view of one ring- 
shaped element, within its casing; 
15 Figure 2 is partly a diametral section 

through what is shown in Figure 1 , and also 
includes part-views of a modification; 

Figure 3 is an external view of the element 
of Figure 1 alone, in elevation; 
20 Figure 4 is a diametral section through 
another device; 

Figure 5 shows another device In diametral 
section; 

Figure 6 is a diametral section through a 

25 modified device with certain parts shown in 
simplified form only, and 

Figure 7 is a graph illustrating the perform- 
ance of a device as shown in Figure 6. 
The ring-shaped element 1 of Figure 1 to 3 

30 presents opposite axial end faces 2 and 3 
which are accurately flat and parallel to each 
other and lie at right angles to the ring axis 4. 
The regions of the element adjacent to the 
end faces 2 and 3 are of robust section and 

35 are of similar configuration. Between the axi- 
ally-innermost extremities 2a and 3a of those 
regions lie a part of the element whose shape, 
as seen in section in Figure 2, is sinuous: that 
is to say it changes progressively from mini- 

40 mum radius at 2a to a limiting (as illustrated, 
maximum) radius over an axial length 5 lo- 
cated at mid-height relative to axis 4 r and 
then returns to minimum radius at 3a. The 
shape of the element is symmetrical about the 

45 mid-height radial plane 6. The element is 
housed within a casing comprising an annular 
top place 7, a cylindrical side wall 8 an annu- 
lar bottom plate 9. Plate 7 is secured to side 
wall 8 by studs 10, but wall 8 and plate 9 

50 are separated by a flexible "0"-ring seal 1 1 
which permits relative axial movement but ex- 
cludes the external environment. The internal 
diameters of plates 7 and 9 and of element 1 
are threaded. As shown in Figure 1 and in the 

55 lower half of Figure 2, they can receive an 
externally-threaded tube 12 which locates ele- 
ment 1 accurately within its casing and also 
leaves a central hole, convenient if the device 
is being used to measure axial loads in con- 

60 nection with some process such as the draw- 
ing of tube or rod in which the workpiece can 
pass coaxially through the central hole. A 
compressive load will typically be applied to 
the device by sandwiching it between op- 

65 posed and converging platens which bear 



against surfaces 13 and 14 of plates 7 and 9 
as indicated by arrows 15 and 16. Because of 
the freedom of relative movement which the 
seal 1 1 gives to plate 9 and side wall 8, 
70 substantially the full compressive load is 

transmitted through plates 7 and 9 to the ele- 
ment 1 itself and distorts that element in a 
manner to be described. 
In place of the tube 12 an externally 
75 threaded rod 20, solid except for a small cen- 
tral ventilation hole 21, may be used to en- 
sure concentricity between element 1 and its 
casing. When the element is to be used to 
measure a tensile load it will typically be in 
80 threaded engagement with two such rods, one 
at each axial end, the load being applied to 
the rods by some convenient means — such as 
jaws 22 — acting upon each rod as indicated 
by arrow 23. 
85 Because end faces 2 and 3 are of equal size 
and in axial alignment with each other, and 
because of the stabilizing contact with tubes 
12 and rods 20 and the robust construction 
of the end regions of the element, the effect 
90 upon the element of compressive or tensile 
axial loads applied as just described is such 
that faces 2 and 3 remain parallel to each 
other. There is thus no tendency for relative 
rolling or skidding between those faces and 
95 the plates 7 and 9. Stress and consequent 
strain of the element is concentrated therefore 
in the mid-height area of limiting radius. To 
respond to that strain, producing an output 
from which the applied compressive or tensile 

100 axial load may be derived, eight resistance- 
type electrical strain gauges 25 are mounted 
around the surface 26 of axial length 5, at 
equal angular intervals and aligned circumfer- 
entially so as to respond to strain in the hoop 

105 direction. Eight similar gauges 27, also equally 
spaced, are mounted on the surface 26 but lie 
parallel to the axis 4 and are located in the 
spaces between gauges 25. A compensation 
factor is derived from the output of gauges 

110 27 and applied to the output of gauges 25, to 
compensate for whatever proportion of the to- 
tal output of gauges 25 is representative of 
distortions due to factors other than the axial 
load which is to be measured — for instance, 

1 15 temperatures changes. The manner in which 
outputs are derived from gauges 25 and 27, 
and then combined and used to produce an 
indication of the applied load, is well known in 
the art: an example is described in the specifi- 

120 cation of U.K. Patent GB 2036344B. 

Figure 4 shows an alternative element, of 
more angular section, in outline. Here the op- 
posed platens by which a compressive load 
will be applied are indicated to 30 and 31, 

125 and bear directly against the opposed end 
faces 2 and 3 of the element because there 
are no equivalents of the end plates 7 and 9 
but only a cylindrical wall 32, secured to the 
outer edge of the element adjacent its lower 

130 end by studs 33, but separated from it adja- 
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cent the upper end by an "0"-ring 34 permit- 
ting relative axial movement between the ele- 
ment and the protective wall. 
The device of Figure 5 is similar to that of 
5 Figure 2 in that it comprises a ring-shaped 
element 40 within a casing comprising a top 
plate 41 secured by studs 42 to a cylindrical 
side wall 43, and an "0"-ring seal 44 is inter- 
posed between the side wall and a bottom 
10 plate 45. In this design however the element 

40 presents an integral top collar 46 and bot- 
tom collar 47, the casing is held concentric 
relative to element 40 by top plate 41 fitting 
around the collar 46 with an "0"-ring seal 48 

15 intervening, and by bottom plate 45 fitting 
around bottom collar 47 with a loose-fitting 
circlip 49 in between. Because casing plates 

41 and 45 are deeper than the collars 46 and 
47 which they surround, converging axial 

20 loads do not bear upon the collars but only 
on the axial extremities 50, 51 of the top and 
bottom plates, and through them directly onto 
the top and bottom surfaces 52, 53 of the 
element itself. 

25 Naturally the output of gauges 25 will re- 
quire different processing to give an appropri- 
ate output, according to whether the element 
is to be put into axial compression or tension. 
It should be noted also that the invention is 

30 not limited to ring-shaped elements as shown, 
in which the mid-height limiting radius is a 
maximum; an alternative element of re-entrant 
section in which the limiting radius is a mini- 
mum, rather than a maximum, is also possible. 

35 The distortion of the element 1 as shown in 
Figure 6, and the response of the gauges 25, 
is modified by a sleeve 60 which is located 
coaxially relative to the element 1, threaded 
engagement being made at 61 between an 

40 external thread formed on the sleeve and a 
matching internal thread formed on the ele- 
ment. Alternatively, as shown by way of 
example at the bottom right-hand corner of 
the engagement, the sleeve and the element 

45 may make an interference fit 62, for instance 
by being force-fitted or shrink-fitted together. 
At its axially opposite end portions 63 and 
64, where it engages directly with element 1, 
the sleeve 60 is of equal and relatively-great 

50 thickness measured along its radius. Between 
these two end portions, however, is a thinner 
portion 65. The sleeve 60 may also be inter- 
nally threaded, as at 66, for instance to en- 
gage with externally threaded rods 20 as 

55 shown in Figure 2. In combination with the 
gauges 25, element 1 as shown in Figure 6 
will also of course typically carry a similar ar- 
ray of compensation gauges 27 as shown in 
Figure 3. 

60 Tests indicate that the linearising effect of 
the sleeve 60 upon distortion of element 1 
and response of gauges 25 depends primarily 
upon the necked-down centre portion 65. Fig- 
ure 7 illustrates the linearity of the relationship 

65 between meter units (i.e. the effect of output 
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gauges 25) and the compressive force (in 
tonf) to which a device as shown in Figure 6 
was subjected. The readings of Figure 7 apply 
to a device designed to withstand a compres- 
70 sive force of 20 tonf, and in which dimen- 
sions 67, 68 and 69 as indicated in Figure 6 
were respectively 1.31 inches, 2.28 inches 
and 2.75 inches. 

75 CLAIMS 

1. A ring-shaped load-measuring device in 
which the opposite axial extremities of a ring- 
shaped element are similar in radius and geo- 
metry and are adapted to resist distortion 

80 when the element is subjected to compression 
or tension in an axial direction, and in which 
the part of the element lying between the axial 
extremities is of generally sinuous shape when 
viewed in radial section and is adapted to dis- 

85 tort when subjected to such compression or 
tension, in which the part of sinuous shape 
has equal radii adjacent to the two extremities 
and a limiting — that is to say maximum or 
minimum — radius at an axially-inter mediate po- 

90 int, and in which strain gauges responsive to 
changes in hoop stress are mounted around 
the element at the limiting radius. 

2. A device according to Claim 1 in which 
the sinuous shape is such that the limiting 

95 radius is the maximum radius of the element. 

3. A device according to Claim 1 in which 
the axial extremities of the element are accu- 
rately flat and parallel in radial planes normal 
to the axis of the device, to bear against 

100 other converging flat parallel faces when the 
element is put under an axial load. 

4. A device according to Claim 3 in which 
those other faces are provided by a cylindrical 
casing for the element, comprising a side wall 

105 and opposite end walls. 

5. A device according to Claim 4 in which 
there is a facility for relative axial movement 
between the side wall and at least one of the 
end walls of such a casing, so that the casing 

110 yields readily in response to an applied axial 
load, whereby substantially the entire load is 
transmitted to the element and distorts the 
sinuous part of it. 

6. A device according to Claim 1 in which 
115 the axial extremities of the element are inter- 
nally threaded to receive threaded members, 
for instance rods or tubes, extending away 
from the element in opposite axial directions, 
whereby the element can then be put under 

120 axial load by hauling those members apart or 
urging them together axially. 

7. A device according to Claim 1 in which 
an array of primary strain gauges to measure 
hoop strain are located at equal intervals of 

125 arc around the circumference of the element 
at the limiting radius. 

8. A device according to Claim 7 in which 
an array of secondary strain gauges, the out- 
put of which is adapted to compensate for 

130 secondary distortions of the ring other than 
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those which are caused by applied load and 
which the device is intended to measure, is 
located around the circumference of the ele- 
ment at the limiting radius in a pattern similar 
5 to that of the primary gauges, but at circum- 
ferentially-intermediate locations. 

9. A device according to Claim 1 in which a 
ring-shaped stiffening sleeve, in coaxial en- 
gagement with the element, modifies the dis- 

10 tortion of the element and thus the response 
of the strain gauges. 

10. A device according to Claim 9 in which 
the sleeve is in threaded engagement with the 
element. 

15 11. A device according to Claim 9 in which 
the sleeve is in interference-fit engagement 
with the element. 

12. A device according to Claim 9 in which 
the sleeve is of varying thickness along its 

20 axial length, being of relatively large thickness 
at both of its opposite axial ends but thinner 
mid-way along the length. 

13. A device according to Claim 1, substan- 
tially as described with reference to the ac- 

25 companying drawings. 
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